Mitochondrial membrane potential (ΔΨm) is critical for maintaining the physiological function of the respiratory chain to generate ATP. A significant loss of ΔΨm renders cells depleted of energy with subsequent death. Reactive oxygen species (ROS) are important signaling molecules, but their accumulation in pathological conditions leads to oxidative stress. The two major sources of ROS in cells are environmental toxins and the process of oxidative phosphorylation. Mitochondrial dysfunction and oxidative stress have been implicated in the pathophysiology of many diseases; therefore, the ability to determine ΔΨm and ROS can provide important clues about the physiological status of the cell and the function of the mitochondria.
Several fluorescent probes (Rhodamine 123, TMRM, TMRE, JC-1) can be used to determine Δψm in a variety of cell types, and many fluorescence indicators (Dihydroethidium, Dihydrorhodamine 123, H 2 DCF-DA) can be used to determine ROS. Nearly all of the available fluorescence probes used to assess ΔΨm or ROS are single-wavelength indicators, which increase or decrease their fluorescence intensity proportional to a stimulus that increases or decreases the levels of ΔΨm or ROS. Thus, it is imperative to measure the fluorescence intensity of these probes at the baseline level and after the application of a specific stimulus. This allows one to determine the percentage of change in fluorescence intensity between the baseline level and a stimulus. This change in fluorescence intensity reflects the change in relative levels of ΔΨm or ROS. In this video, we demonstrate how to apply the fluorescence indicator, TMRM, in rat cortical neurons to determine the percentage change in TMRM fluorescence intensity between the baseline level and after applying FCCP, a mitochondrial uncoupler. The lower levels of TMRM fluorescence resulting from FCCP treatment reflect the depolarization of mitochondrial membrane potential. We also show how to apply the fluorescence probe H 2 DCF-DA to assess the level of ROS in cortical neurons, first at baseline and then after application of H 2 O 2 . This protocol (with minor modifications) can be also used to determine changes in ∆Ψm and ROS in different cell types and in neurons isolated from other brain regions.
Video Link
The video component of this article can be found at http://www.jove.com/video/2704/ Protocol 1. Cell culture 1 . Cortical neurons are isolated and grown using previously described techniques and plated on culture dishes with a glass bottom (MatTek Corporation, Ashland, MA ) coated with poly-D-lysine and laminin 
Live imaging of neurons incubated with TMRM to determine ΔΨm
1. To perform live imaging of neurons incubated with TMRM, confocal laser scanning microscopy (Text Overlay: LSM 510, Carl Zeiss Inc.), with the application of live time-series program, is used. Apply low-resolution and attenuated laser power (Text Overlay: low resolution: 256 x 256; laser power: 1%) to minimize the time needed to obtain images and to avoid photobleaching. 2. . Next, adjust the focus of the mounted neurons loaded with TMRM using reflected light. Examine the TMRM fluorescence by illumination at 514 nm and detection at 570 nm. Set the detection gain of a camera just below the saturation level. 3. Once all parameters which include resolution, laser power, detection gain of a camera, and time-lapse interval to obtain images are set; do not change these settings between experiments. Next, change the field. Start collecting images. 4. To test changes in ΔΨm, stimuli such as 1 μM of FCCP or 2 μg/ml of oligomycin, can be applied, which will significantly depolarize or hyperpolarize the mitochondrial membrane potential, respectively. These changes will be reflected by a decrease in TMRM fluorescence intensity compared with the baseline fluorescence intensity in the case of FCCP, or an increase in TMRM fluorescence intensity in the case of oligomycin. Figure 1A shows a fluorescence image of rat cortical neurons incubated with TMRM. Addition of FCCP, a mitochondrial uncoupler, leads to mitochondrial depolarization and a loss of TMRM fluorescence intensity (Fig. 1B ). The baseline TMRM fluorescence level remains stable before addition of FCCP (the first 350 sec; Fig. 1C ). Quantitative analysis of TMRM fluorescence changes over time shows a significant decrease in TMRM fluorescence after addition of FCCP (Fig. 1C) . Figure 1D shows the fluorescence image of rat cortical neurons loaded with DCF. Addition of H 2 O 2 results in increased DCF fluorescence intensity in cell bodies (Fig. 1E ). The baseline DCF fluorescence level is unchanged (the first 120 sec) before application of H 2 O 2 . Time-lapse measurements of DCF fluorescence show its steady levels, which increase after H 2 O 2 treatment (Fig. 1F) . It is important to optimize the laser power and scan speed of taking the images to avoid both photo-toxicity to the cells and changes in the fluorescence intensity (for example flickering of TMRM fluorescence) in the absence of any stimulus. The optimized optical settings should result in a fluorescence signal that is not over or under saturated (threshold) in the absence of stimulus. The optimal conditions to collect the images from a selected field at a particular laser power and a scan speed are achieved when there are no changes in the fluorescence intensity of the probe in the absence of any stimulus for 10-15 min of live imaging.
Live imaging of neurons incubated with

Representative Results
Other fluorescence probes to determine ΔΨm include rhodamine 123 and tetra methyl rhodamine ethyl ester (TMRE). However, they were found to inhibit the respiratory processes in isolated mitochondria 2 . Importantly, TMRM has no effect on mitochondrial respiration at low concentrations 2 and has low phototoxicity and photobleaching 3 compared with other probes. H 2 DCF-DA is a good indicator for ROS as it is well retained in the cells and recognizes several oxidant species, such as peroxides, super oxides, and nitric oxide 4 .
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